Introduction
Auroral roar is a relatively narrow-band radio-wave emission (y/y < generated in the auroral ionosphere at frequencies near 2 and 3 times the electron cyclotron frequency (fee) Mortson, 1979, 1984; Weatherwaz et al., 1993 Weatherwaz et al., , 1995 . Recent evidence strongly suggests that the 2j%e emissions originate where the wave frequency f matches 2j%e in the F region of the ionosphere [Hughes and LaBelle, 1998 ]. In 1995, Dartmouth researchers installed a programmable stepped frequency receiver (PSFR) at the Sondrestrom radar facility (66.987 ø N latitude, 309.051 ø E longitude, 73.3 invariant). By operating the PSFR on a continuous basis, we achieved significant overlap with ongoing ISR operations. A number of coincidences did occur during auroral roar events and are analyzed in the following sections. Section 2 presents the data for these periods, and sections 2.1 and 2.2 address ionospheric structure features and the upper hybrid matching condition, respectively.
Data Presentation
The PSFR, described in detail elsewhere [e.g., Weatherwax, 1994], operates in a standard mode which sweeps each 2 s from 30 kHz to 5 MHz with 10-kHz resolution and operates for 20 hours each day centered on local midnight. The PSFR has a dynamic range of -•70 dB and an instrument sensitivity of a few nV m -• Hz -•/2, though in practice the noise floor at the Sondrestrom site is significantly higher than this level. The non resonant dipole antenna used in this system is sensitive to electromagnetic wave fluctuations emanating from a large portion of the sky; for example, the antenna sensitivity to a radio wave propagating from an azimuthal angle of 45 ø (-•300 km ground range) is at worst half that compared to a wave propagating from directly overhead. Radio wave observations from ground stations located in Canada and separated by -•275 km suggest that auroral roar often originate from nearly overhead. Kelly et al. [1995] present a recent description of the capabilities of the Sondrestrom radar and ancillary ground-based instruments. During the auroral roar observations presented below, the Sondrestrom ISR operated in one of three modes, performing elevation or composite scans and providing several degrees of latitudinal coverage of plasma parameters. The horizontal resolution of each experiment mode will be discussed later. The transmitter pulse length for these experiments was 320 •s, and thus autocorrelation functions were formed with a range resolution of 48 km.
To identify study intervals, the survey spectrograms of the PSFR data were first systematically searched for occurrences of auroral roar. By comparing these occurrences with the radar operation schedule, a subset of these events was identified for which the ISR was in an appropriate mode to measure the two-dimensional electron density distribution in the F region ionosphere. Six such days including 18 individual radar scans are the focus of this study. The small number of coincidences during 1995 to 1997 is in part due to radio frequency interference from equipment in the radar facility which obscures many auroral radio emissions. The PSFR antenna has recently been moved further away from noise sources, an improvement which should increase opportunities for joint PSFR/ISR observations during future auroral roar observations. Average electron density ( CNumbers are for a single radar scan. The typical auroral ionospheric cavities observed in Plates 2, 4, and 5 are •50-70 km in latitudinal extent, are •45-65% depleted relative to ambient densities, and appear to be adequate for the requirements of these theories. The presence of an ionospheric cavity also implies that horizontal gradients in the F region ionosphere also exist and could possibly be the location of wave mode conversion. It is tempting to conclude that these clear cases of ionospheric cavities, present during the simultaneous observation of auroral roar, support one of the previously mentioned theories. There is, however, one case that shows no signs of cavities. . The canonical explanation is that auroral arcs are most likely responsible for generating the emissions, but when they move directly overhead a ground station, they also screen the emissions from the ground due to the increased ionization raising the plasma frequency cutoff in the E region above the emission frequency. 
Ionospheric

Conclusions
Characterization of the structure of the ionosphere during auroral roar observations is critical as the proposed generation mechanisms all rely on the presence of structure and/or gradients in the electron density at F region altitudes. Several theories rely on density cavities, such as auroral ionospheric cavities, to enhance wave growth by reflecting the waves multiple times through a source region, to provide for conversion of trapped Z mode waves to escaping O mode radiation, or to duct O or X mode radiation. Other generation mechanisms rely on theory that predicts excitation of upper hybrid Z mode waves where fuh -2fce or 3fce, a condition that can be tested using density profiles obtained from the Sondrestrom ISR.
The ISR data show that no particular density feature persists in all the cases for which auroral roar emissions are observed, at least at scale sizes •,•30 km probed by the radar. Table I In 16 of 18 radar scans on 5 of the 6 days studied the upper hybrid matching condition fuh -2fce or 3fce is satisfied in the F region ionosphere over nearly the entire frequency range of the observed 2fee or 3fee auroral roar emissions. The few cases in which the matching condition is not observed may result because the radar does not sample the entire ionosphere and has limited spatial and temporal resolution as configured for other experiments. These data are consistent with a theory of auroral roar in which an electrostatic upper hybrid or Z mode wave is generated at F region altitudes and subsequently mode converts to an escaping EM wave which propagates to the ground.
